Oncostatin M (OSM), which is predominantly expressed in bone marrow, is a member of the interleukin-6 family of cytokines, and appears to play important roles in hematopoiesis and the development of the liver. Recently, specific b subunit of OSM receptor (OSMRb) was isolated from LO cells originated from aorta-gonad-mesonephros (AGM) region. In this study, we performed in situ hybridization to explore the expression pattern of OSMRb during murine embryogenesis, postnatal development, and in adult tissues. At 11.5 days postcoitum (dpc), the expression of OSMRb was first detected in aortic endothelial cells of the AGM region. At 14.5 dpc, its gene expression was clearly observed in the primordia of some organs, including liver, thymus, choroid plexus, and limb, and persisted into postnatal mice. After birth, its gene expression became detectable in the other organs, such as lymph node, bone, heart, kidney, small intestine, nasal cavity, and lung. q
Results and discussion
Oncostatin M (OSM) is a member of the interleukin-6 (IL-6) family of cytokines (Rose and Bruce, 1991) . Members of this family share a common signal transducing subunit, gp130, in their receptors (Kishimoto et al., 1994) . The OSM utilizes its specific receptor consisting of gp130 and OSMRb in the murine system. The OSMRb gene was recently isolated from an OSM-dependent cell line, LO, originated from aorta-gonad-mesonephros (AGM) region of 11.5 days postcoitum (dpc) (Tanaka et al., 1999) .
Recent studies have shed light on the unique biological activities of OSM during murine embryogenesis. First, at 11.5 dpc, OSM is expressed in the AGM region, where definitive hematopoiesis first occurs (Medvinsky and Dzierzak, 1996) , and plays some important roles in the proliferation of multipotent hematopoietic progenitors and the formation of endothelial cell clusters in vitro . Second, OSM induces the differentiation of hepatocytes during murine embryogenesis (Kamiya et al., 1999) . Third, OSM supports expansion of neonatal Sertoli cells .
Although the OSMRb gene is expressed in the AGM region, the fetal liver, and various organs of adult mice (Tanaka et al., 1999; Kamiya et al., 1999) , its detailed expression pattern in these organs remains unclear. Here, we reported the gene expression pattern of OSMRb at various developmental stages.
At 11.5 dpc, OSMRb-expressing cells were first detected in the AGM region, particularly in endothelial cells lining the dorsal aorta (Fig. 1A) . The sense cRNA probe failed to hybridize in the region (Fig. 1B) .
Punctate expression of OSMRb was first observed in the 14.5 dpc embryonic liver ( Fig. 2A) . In the neonates, the number of labeled cells was increased (Fig. 2B) , and positive signals were found in immature hepatocytes, which were distributed around hematopoietic cells ( Fig. 2A, B , arrowheads). OSMRb-expressing immature hepatocytes were strongly immunostained with keratin, and they were weakly positive for albumin (data not shown). In the adult, the positive signals were found only on polymorphonuclear cells (PMN), which have a lobulated nucleus and small cytoplasm (Fig. 2C, arrowheads) , in microgranulomatous clusters. Mature hepatocytes and sinusoidal endothelial cells had faint signals. However, functions of these clusters remain unclear.
Signals for OSMRb mRNA were first detected in 14.5 dpc embryonic thymus (Fig. 2D ). In 17.5 dpc embryos, the signals were mainly seen in the medulla (data not shown). Its gene expression was observed with high levels in the medulla of neonatal and adult thymus (Fig. 2E, F) . In the neonatal thymus, OSMRb-expressing cells had a large and light nuclear hematoxylin staining, and mainly confined to cortex/medulla boundary (Fig. 2E, inset, arrowhead) . The positive signals appear to be observed in medullary epithelial cells, not in lymphocytes. The thymic epithelium is known to play an important role in T cell development (Sprent et al., 1988) .
In the other lymphohematopoietic organs, including spleen and lymph nodes, OSMRb expression could be observed in endothelial cells (Fig. 3) . In 17.5 dpc embryonic spleen, OSMRb gene expression was detectable at low levels ( Fig. 3A) . In the neonatal spleen, the strong signals were observed in endothelial cells of the capillaries, which have elliptical nuclei with less dense chromatin (Fig. 3B) , and decreased in the adult (data not shown). In the adult mesenteric lymph nodes, high levels of OSMRb expression were observed in endothelial cells lining the medullary sinuses (Fig. 3C ). OSMRb gene expression was also seen in endothelial cells of high endothelial venules (Fig. 3D, arrow) . The signals for OSMRb were first detected at 11.5 dpc in ependymal cells of the hindbrain, from which the choroid plexus was derived (Fig. 4A) . Its expression were clearly observed in the choroid plexus epithelium of 14.5 dpc embryos (Fig. 4B) , and persisted to the adult (data not shown). In addition, the signals for OSMRb were first detected in mesenchymal cells of limb bud at 11.5 dpc (data not shown). In the 14.5 dpc embryo, the signals for OSMRb were observed in cartilage primordia of welldefined hip joint (Fig. 4C ) and shoulder joint (data not shown). In these regions, its gene expression was evident in chondrocytes, and continued in the neonates (data not shown). In the neonates, high levels of OSMRb expression were observed in hypertrophic chondrocytes (Fig. 4D , arrows) and osteoblasts (Fig. 4D, arrowheads) , but no signals were detected in osteoclasts (Fig. 4D, small arrow) .
After birth, OSMRb mRNA became detectable in the non-lymphohematopoietic organs, including heart, kidney, small intestine, nasal cavity, and lung ( Fig. 4E-I) , and persisted to the adult (data not shown). In the heart, the signals were evident in endothelial cells of the endocardium, not in the myocardium (Fig. 4E, arrowheads) . In the kidney, the signals were detected in endothelial cells of peritubular capillaries (Fig. 4F, arrowheads) . Epithelial cells of renal tubules and endothelia of glomerulus were negative for signals. In the submucosa of small intestine (Fig. 4G ) and beneath nasal epithelium (Fig. 4H) , the signals were widely distributed, and appear to be fibroblasts. In the lung , the signals were detected in alveolar epithelium (Fig. 4I , arrowheads) and bronchiolar epithelium (Fig. 4I, arrows) . Human OSM is reported to play some important roles in inflammation in fibroblasts, endothelial cells, and lung epithelial cells (Richards et al., 1993; Modur et al., 1997; Cichy et al., 1998; Wallace et al., 1999) . In summary, we demonstrated that OSMRb mRNA is widely expressed in various organs from the late-fetus into the adult. 
Materials and methods
Embryonic (11.5, 14.5, and 17.5 dpc), neonatal, and adult C57BL/6J male (6-weeks-old) were used in this study. A 275 bp murine OSMRb cDNA clone inserted into a pBluescript II SK (2) vector was used as a probe. In situ hybridization was performed as previously described (Sugiyama et al., 2000) . After development, sections were counterstained with Mayer's hematoxylin and mounted.
